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bl,Lmnara
I n  t h i s  t h e s i s  w e  d i s c u s s  c h e  p h a s e  p r o b l e m  i n  e l e c t r o n  m i c r o s c o p y ,
i . e .  t he  de te rm inaÈ ion  o f  t he  unknom comp lex  wave  f unc t i on  i n  t he
i m a g e  p J a n e  o r  i n  t h e  e x i c  p u p i l  f r o m  t h e  m e a s u r e d  i n r e n s i t y  d i s r r i -
bu t i ons  i n  bo th  p l anes ,  The  ca l cu l a t i on  o f  t he  wave  f unc t i on  i s  t he
f i r s t  p r o b l e m  t o  b e  s o l v e d  f o r  c h e  d e l e r m i n a t i o n  o f  t h e  o b j e c t  s l r u c -
t u r e  f r o m  e l e c t r o n  m i c r o g r a p h s .
W e  f i r s t  a s s u m e  t e m p o r a l l y  a s  w e l l  a s  s p a t i a l l y  c o h e r e n t  i l l u m i n a -
t i on .  Re la l i ons  a re  de r i ved  be t v reen  t he  unknown  wave  f unc t i on  i n  t he
e x i t  p u p i l ,  P ( E ) ,  a n d  t h e  F o u r i e r  t r a n s f o r m s  f ( € )  o f  t h e  i m a g e  i n t e n -
s i t y  d i s t r i b u t i o n s ,  o b C a i n e d  a s  e x p o s u r e s  w i t h  v a r i o u s  s t a g e s  o f  t h e
d e f o c u s i n g  o f  c h e  m i c r o s c o p e .  A t  f i r s t  w e  r e s t r i c t  t h e  d i s c u s s i o n s  t o
a  s i n g l e  l a t e r a l  d i m e n s i o n .  T h e  r e s u l t i n g  V o l E e r r a  i n t e g r a )  e q u a L i o n s
c a n  b e  s o L v e d  n u m e r i c a l l y  b y  t h e  a p p l i c a t i o n  o f  a  s o - c a l l e d  d i r e c t
n e t h o d ,  w h i c h  i s  d e v e l o p e d  f o r  t h i s  p u r p o s e .  N e x t  t h e  e x t e n s i o n  o f
t h i s  d i r ec t  me thod  t o  Ewo  l a te ra l  d imens ions  i s  made .  The  a l go r i t hm
i s  v e r i f i e d  b y  m e a n s  o f  s i m u l a t e d  o b j e c t s .  A n a l o g o u s I y ,  a  d i r e c t
m e t h o d  i s  d e v e l o p e d  f o r  t h e  s o l u t i o n  o f  P ( 6 )  f r o m  E h e  i n t e n s i t y  d i s -
t r i b u t i o n s  i n  t h e  e x i r  p u p i l  a n d  i m a g e  p l a n e .  T h e  r e s u l t s  o b t a i n e d
w i rh  t he  l a t t e r  d i r ec t  me thod  a re  i n  ag reemenE  w i t h  t he  t heo re t i ca l
p red i c t i ons .  Bo th  d i r ec t  me thods  a re  compa ïed  w i t h  t he  a l go r i t hms
p roposed  by  M ise l l  and  Ge rchbe rg /Sax ton .  I t  E .u rns  ouÈ  t hac  t he  d i r ecÈ
Íne thods  g i ve  more  accu ra te  r esu l t s  t hán  t hê  o the r  a l go r i t h rns .
I n  t he  case  o f  sem i - \ n reak  ob jec t s  ( and  t he re fo re  b r i gh t - f i e l d  ima -
g ing )  an  i t e ra t i ve  a l go r i t hm  i s  de r i ved  f o r  so l v i ng  t he  r sca t t e red r
nave  f unc t i on  F (q )  f r om  de focused  images .  Th i s  a l go r i t hm  i s  l ess  sen -
s i t i v e  t o  n o i s e ,  b e c a u s e  i n  t h e  e q u a t i o n  r e l a t i n g  f ( 6 )  t o  l ( E )  a n o
F* f -E>  l he  t e rms  l i nea r  i n  ï (E )  and  F * ( -E )  a re  l a rge  w i rh  r espec r  r o
the  non - l i nea r  t e rm .  S ince  we  ge t  no  acc r rmu la t i on  o f  e r ro r s  as  i n  Ehe
d i r e c t  m ê t h o d ,  t h e  o b È a i n e d  s o l u t i o n s  f o r  F ( q )  a r e  l e s s  s e n s i t i v e  t o
the  (quan tum)  no i se ,  as  has  been  con f i rmed  by  compu te r  s imu la t i ons .
The  bes t  r esu l t s  a re  ob ta i ned ,  when  Ehe  sca t t e r i ng  pe rcen tage  i s  so
Ia rge ,  t haE  t he  t r ad i t i ona l  weak  phase /amp l i t ude  app rox ima t i on  i s  no t
v a 1 i d ,  ( b u t  t h e  o b j e c t  i s  s t i 1 1  s e m i - w e a k ) .  U s i n g  i n  a d d i t i o n  È h e  i n -
t 0 r
F--
t ens i t y  d i s t r i bu t i on  i n  t he  ex i t  pup i1 ,  a  second  i t e raE i ve  a l go r i t h rn
has  been  deve loped ,  wh i ch  means  a  g rea t  imp rovemen t  as  compared  t o
the  resu l t s  ob ta i ned  w i t h  t he  f i r s t  a l go r i t hm .
The  phase  p rob lem i n  t he  case  o f  pa r t i a l l y  cohe ren t  i l l um ina t i on
i s  a l s o  s t u d i e d .  s p e c i a l  c a s e s  f o r  t h e  s o l u t i o n  f o  t h e  p h a s e  p r o b l e m
are  cons ide red .  we  show  EhaÈ  the  re l a t i ons ,  wh i ch  desc r i be  t he  ima -
ging in STEM a.nd CTEI ' Í ,  are analogous.  We argue that  CTEM, especia l l .y
when  f i l t e r  l enses  a re  app l i ed ,  i s  Èo  be  p re fe red  t o  STEM,  because
o f  t he  be t t e r  s i gna l  t o  no i se  ra t i o  i n  c rEM.  on l y  i n  Ehe  case  t ha t
more  t han  one  (and  espec ia l l y  chosen )  b r i gh t - f i e1d  de tec to r s  a re  used
in  STEM,  bo th  ope ra t i on  modes  o f  TEM a re  comparab le .
Nex t  we  s tudy  che  advanLages  anc  d i sadvan tages  o f  b r i gh t - f i e l d  and
da rk - f i e l d  imag ing .  The  s i gna l  t o  no i se  ra t i os  i n  b r i gh t - f i e l d  and
da rk - f i e l d  i nag ing  a re  i n  Ehe  samê  o rde r .  Tak ing  a l so  i n t o  accounË
tha t  i n  b r i gh t - f i e l d  imag ing  t he  i r e ra t i ve  a l go r i t hms  can  be  used ,
wh i l e  i n  da rk - f i e1d  imag ing  t he  non - l i nea r  Vo l t e r ra  i n t eg ra l  equa t i ons
have  t o  be  so l ved ,  r hen  t he  app l i ca t i on  o f  da rk - f i e l d  imag ing  i n
s t e a d  o f  b r i g h t - f i e l d  i m a g i n g  i s  s e n s e l e s s .
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